F eedback, which is necessary for ensuring learning, is a process involving observation, problem-identification, providing information, goal development, and solution by trial and error. [1] [2] [3] Feedback often serves as the impetus for performance improvement, and therefore is a fundamental component of teaching and learning.
In medical education, feedback to learners is an informed, nonevaluative appraisal of performance by the teacher. 2 Its purpose is to both reinforce strengths and foster improvements in the learner. 2 Feedback, when used correctly, provides the learner with insight into actions and consequences, highlighting the dissonance between the intended result and the actual result. 4 Improved performances secondary to feedback have been demonstrated in clinical skills, such as heart and lung auscultation [5] [6] [7] [8] [9] [10] and diagnostic accuracy. 11, 12 Because medical learners gain limited insight into the strengths and weaknesses of their clinical skills without feedback, clinical medical education depends on high-quality feedback. 13 Several empiric studies have found that medical students and residents are not satisfied with the quantity and quality of feedback that they receive from their physician teachers. [13] [14] [15] [16] [17] In response, many faculty development programs and workshops were developed to enhance physicians' feedback skills, 18, 19 particularly of junior faculty members. 20 In this study, we sought to develop a measure of feedback skill and then to identify characteristics of physician teachers that are associated with high levels of proficiency with feedback.
METHODS

Study Design
We conducted a cross-sectional study of physicians who are part of our faculty development database to measure constructs related to their teaching behaviors, approaches, and self-assessed proficiencies.
Study Participants
The physicians in the database had either (i) participated in the Johns Hopkins Faculty Development Program (JHFDP) between 1987 and 2000 or (ii) had been named by a JHFDP participant as a control who was similar to the participant in terms of gender, age, and job description. The physicians' locations represented a wide geographic distribution.
Survey Development and Data Collection
A 15-page survey, developed to assess the long-term outcomes of the JHFDP, was mailed to 363 physicians in July 2002 after approval by the Johns Hopkins Institutional Review Board. 21 Questions in the survey were organized into 7 different categories: personal and career characteristics; scholarship; education enjoyment; working with others; desirable teaching behaviors; teaching proficiency; learner-centeredness. Seven discrete questions in the survey asked about behaviors or self-assessed proficiencies related to providing, eliciting, or reflecting on feedback. months) were analyzed. For each question in the survey, we examined frequency of responses looking for irregularities in their distribution. For continuous variables, we checked distributions and descriptive statistics for evidence of skewness, outliers, and nonnormality. Nonparametric tests were used where appropriate. Categorical variables were recoded and analyzed as proportions. All 7 questions in the survey, specifically addressing feedback, were subjected to factor analysis to assess them as candidates for a composite feedback measure, hereafter to be called the feedback scale. Before inclusion in the factor analysis, candidate questions were examined for sufficient response variation. We also assessed the mean sampling adequacy of each survey question for all respondents. We examined 2 rotations: Promax and Varimax. In an orthogonal rotation (Varimax), the factors are uncorrelated, whereas, in an oblique rotation (Promax), the factors are allowed to be correlated in order to maximize individual factor loading. We first examined a Scree plot to visually determine the number of factors with eigen values over 1. The 2 rotations similarly resulted in a single factor solution, the 7 items all clustered together. Cronbach's a was used to quantify the internal consistency of the factor. Item to total correlations were examined to assess the extent to which each item contributed to the overall reliability of the factor. The deletion of any single item caused the a to decrease, indicating the unique contribution of each of the 7 questions to the overall a, thereby strengthening the internal reliability.
We initially collapsed the feedback scale into 3 categories-low, medium, high. Attributes of the physician respondents were then compared in bivariate analysis with the 3 categories using cross tabulations and w 2 . In looking at the data in different ways, the results were similar when the feedback scale dichotomized at the median and when the scale was analyzed as a continuous variable. For ease of presentation, the data are presented using ''high'' versus ''low'' feedback scorers. Logistic regression was used to produce unadjusted odds ratios (with 95% confidence intervals [CI] ) to characterize the association of individual attributes with the likelihood of being a ''feedback high scorer.'' Multivariable logistic-regression models were then used to identify independent associations between individual variables and ''high'' versus ''low'' feedback scorers. In the first stage, we constructed 7 domain-specific multivariate models corresponding to each area of inquiry in the questionnaire. These models consisted only of variables that were associated with the dependent variable (high feedback score) in the bivariate analysis at Po.1. Variables included in the models were checked for collinearity. In the second stage, variables that were significantly associated with feedback status in the domain-specific models were included in a study-wide multivariable model. In all model building, we applied a user-defined stepwise approach evaluating the change in model w 2 with the addition of each variable.
To assess the goodness of fit, we applied the Hosmer-Lemeshow method based on deciles of risk. 22 Data were analyzed using STATA 8.0 (STATA Corp., College Station, TX).
RESULTS
Response Rate and Characteristics of Respondents
Surveys were completed by 299 of 363 physicians contacted, for a response rate of 82%. There was no difference between responders and nonresponders for gender (P =.79) and a small difference in mean age (42.3 vs 41.6 years, P =.001). Among the 299 respondents, 262 (88%) had taught medical learners during the 12 months before being surveyed. Characteristics of the study participants are shown in Table 1 .
Feedback Scale
Factor analysis included all 7 questions from the survey wherein respondents assessed themselves with respect to feedback behaviors and self-assessed proficiency. The answers to all 7 feedback-related questions clustered together to form a single factor, herein referred to as the ''feedback scale.'' No variables were eliminated based on poor factor loadings. The Cronbach's a for the feedback scale was 0.76, suggesting that the internal reliability of the factor analysis is acceptable 23 ( Table 2 ). On the feedback scale, presented in Figure 1 , the lowest possible score is 2 and the highest is 30. Of the 262 active physician teachers, 254 completed all 7 questions that comprise the scale. The scale's median score was 19 with a range of 8 to 30. In dividing the physician cohort by the feedback scale, 136 physicians (53%) were designated as ''low'' scorers, because they scored equal to or below the median, and 118 (47%) were classified as ''high'' scorers, because their scores were greater than the median value.
Differences Between Physician Teachers by Scores on the Feedback Scale
The teaching physicians' responses to questions within each of the 7 domains of the survey (personal and career characteristics, scholarship, education enjoyment, working with others, desirable teaching behaviors, teaching proficiency, and learnercenteredness) were significantly different in bivariate analysis based upon their classification as ''high'' versus ''low'' on the feedback scale (Table 3) . Within each of the 7 domains of in- quiry, 4 to 12 variables were significantly different between the high scorers and the low scorers on the feedback scale. The 2 questions that appeared to be the most strongly associated with being a high-scorer on the feedback scale were having a high proficiency in leading others (OR =13.2, 95% CI 3.1 to 57.0) and frequently ensuring that respect is conveyed to all participants when leading small groups (OR =11.1, 95% CI 1.4 to 86.7).
Adjustment for all significant variables within the 7 domains using multivariate analysis identified several independent predictors of high scores on the feedback scale ( Table  4 ). The 6 physician teacher characteristics independently associated with high feedback scores were (i) frequently attempting to detect and discuss the emotional responses of learners, (ii) proficiency in handling conflict, (iii) frequently asking learn- The mean score for each item was derived from a question that asked the physician teachers to assess their own proficiency in select areas with a 5-point Likert scale (1 =poor, 2 =fair, 3 =good, 4 =very good, 5 =excellent). ‰ The mean score for each item was derived from a question that asked about how frequently they performed specific behaviors with a 5-point Likert scale (0 =never, 1 =rarely, 2 =sometimes, 3 =frequently, 4 =always). ers what they desire from the teaching interaction, (iv) having written down or reviewed professional goals in the prior year, (v) frequently working with learners to establish mutually agreed upon goals, objectives, and ground rules, and (vi) frequently letting learners figure things out themselves, even if they have to struggle. w By comparing the responses of the low scorers ( 19; those below the median) and the high scorers (419; those above the median), factors were identified that were associated with being a high scorer on the feedback scale. Ã Variables that were significantly associated (Po.05) with feedback (high vs low) were included into this multivariable model.
DISCUSSION
In 1983, Dr. Jack Ende reviewed the feedback protocols used in other professions (including business administration, psychology, and education) and proposed recommendations and models for use in medical education. 2, 24 These guidelines have helped educators to better understand feedback and to more effectively apply these paradigms to clinical settings. 2, 13, [24] [25] [26] [27] [28] Nevertheless, providing feedback encompasses a complex skill set, and gaining proficiency with feedback remains a challenge for medical educators. 15, 28, 29 The ability to deliver feedback that is accurate, specific, and timely is a fundamental teaching skill for medical educators. 2, 29, 30 Feedback facilitates learning and can serve as a stimulus for reflective practice and professional growth. 31 Feedback from individuals that we respect and trust can reinforce what we are doing well and may encourage change in areas where improvement is needed. 29, [32] [33] [34] Without constructive feedback, medical learning is incomplete and clinical competence may not be realized. 4, 13, 34 This study of physician teachers adds to the empiric work in this area through the creation of a scale related to feedback, such that factors associated with higher levels of proficiency with feedback have been identified. Two of the 6 variables that were independently associated with scoring highly on the feedback scale are integral components of learner centeredness. Learner centeredness includes behaviors that demonstrate a teacher's respect for learners' capacity to (i) identify their own goals and (ii) actively participate in their own learning. 32, [35] [36] [37] Learner-centered educators are believed to be more confident, experienced teachers who are genuinely committed to the needs of their learners. 29, 33, 38, 39 It makes sense that learner-centered physician teachers are better at giving and eliciting feedback. Many faculty development programs dedicated to improving participants' teaching focus on helping physicians more comprehensively understand learners' needs as a first step before embarking on specific teaching skills. 32 Three of the 7 items in the feedback scale relate to a teacher's ability to elicit feedback about their own performance. We hypothesized that the 4 questions related to FIGURE 1. The feedback scale: questions from the survey instrument that emerged from factor analysis to form the scale Ã .
delivering feedback would group into 1 factor and the 3 concerning eliciting feedback would come together as a separate factor. This did not occur; the 7 questions clustered together to form a single factor solution, the feedback scale. Thayer's book, 50 Strategies for Experiential Learning, illustrates that the principles and skills for receiving feedback are almost the same as those for giving feedback. 40 As such, the result of our factor analysis resulting in a single factor is not terribly surprising. It is our belief that teachers who are active and interested in eliciting and using feedback for their own development will likely be similarly engaged in providing feedback to learners. Several limitations of this study should be considered. First, we relied exclusively on self-assessment and self-report to characterize the respondents. Second, like all cross-sectional studies, our results describe associations between various factors and high levels of feedback skill but causality cannot be determined. Third, the feedback scale was developed from a selected group of questions related to feedback that were included in a questionnaire assessing numerous outcomes for a faculty development program. It lacks established predictive validity and there is no gold standard for assessing criterionrelated validity. Nevertheless, the scale does have some face and content validity in that only variables that (i) addressed fundamental elements of feedback and (ii) were found to be relevant from prior research in this field, 2,24-28 were entered into the modeling. The differences in theoretically related variables between respondents who scored above and below the median on the feedback scale are a measure of the scale's ''construct'' validity. Further, factor analysis and Cronbach's a established the scale's uni-dimensionality and internal reliability. Finally, because many of the respondents (68%) had been trained in the JHFDP, the results in this study may not be generalizable to all other physician teachers. In looking at the responses to the 7 questions that make up the feedback scale, only 2 were significantly different between JHFDP participants and nonparticipants (items 1 and 3b in Fig. 1 ). Nonetheless, physician teachers who had participated in the JHFDP were more likely to be high scorers on the feedback scale (Po.05). We believe that proficiency in feedback skills promotes efficient and effective learning in medicine. High-quality feedback is not only what medical learners desire 13, 14, 41 but what they associate with high-quality teaching. 42 This paper extends our knowledge about feedback in medical education by identifying teaching behaviors and proficiencies associated with providing, eliciting, and reflecting on feedback. Programs that want to improve feedback performance among their faculty may want to promote these associated behaviors and proficiencies, in addition to providing training in specific feedback skills. 
